The exposure time and the time between successive exposures were varied in a picture recognition task. Exposure times of .2, .5, 1.0, 2.0, and 4.0 sec. were orthogonally combined with between-slide durations of 1.0, 2.0, and 4.0 sec. Confidence ratings of recognition increased monotonically with exposure time but were not affected by the amount of time between slides. These results suggest there is no direct analog of verbal rehearsal in the processing of complex visual information. Complex pictures appear to be processed almost entirely during the period in which they are physically exposed. Shepard (1967) has demonstrated the extremely large capacity and accuracy of the visual memory system.
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After having viewed a sequence of 612 pictures, Shepard's .5s were asked to identify the "old" member of a pair of pictures presented on each test trial. The 5s paced their own study trials, averaging 5.9 sec. per item, and their mean recognition performance was 98% correct. Groups performing a similar task with equally long sequences of words and sentences were 90% and 88% correct, respectively. Similar high performance on picture recognition has been reported by Nickerson (1965 Nickerson ( , 1968 . Also, Standing, Conezio, and Haber (1970) reported performance exceeding 90% for a sequence of over 2,500 pictures presented for 10 sec. each. This high level of performance raises questions concerning the similarities and differences of the verbal and visual memory systems and what processes and mechanisms can account for a high degree of visual information storage. Potter and Levy (1969) performed a recognition memory experiment using complex pictures in which exposure time was the main variable. Their hypothesis was that longer presentation times would result in more information storage. They found as rate of exposure increased from f to 2.0 sec. the probability of a correct recognition increased from .16 to .93. In this experiment, 5s viewed a series of eight pictures 1 This research was supported by United States Public Health Service Grant MH 12717-04.
2 Requests for reprints should be sent to Richard M. Shiffrin, Department of Psychology, Indiana University, Bloomington, Indiana 47401. before each test. Two modes of presentation were employed differing in whether exposure time within a series was constant (uniform rate) or variable (mixed rate). Noting the absence of mode-of-presentation effects, serial position effects, and sequential dependencies, Potter and Levy concluded that pictures are processed one by one for exactly the duration of presentation.
These results are quite contrary to those in which verbal materials are used. When a list of verbal items is presented, the physical exposure time of any item is virtually irrelevant (Atkinson & Shiffrin, 1968) , probably because rehearsal in shortterm memory maintains these items for long periods following the initial presentation. Rehearsal, coding, and transfer to long-term storage therefore continue for quite some time after the conclusion of the physical exposure. Transfer to long-term storage even continues during the presentation of the next few additional items.
What then causes the differences between verbal and visual material ? Are the stages of processing in the visual memory system very different from the stages of processing in the verbal-auditory-linguistic memory system? Is there not a visual short-term memory with such characteristics of the verbal short-term memory as long persistence and rehearsability ?
It seems, at first glance, that backward masking might help explain the Potter and Levy (1969) result. Each new picture presented might eliminate from the shortterm visual memory systems all traces of the previous picture. In experiments ex-292 amining the visual icon, it is well known that verbal materials visually presented are at once transferred to the verbal shortterm memory for rehearsal and further processing. Nevertheless, backward masking of the visual representation has been well documented in such situations (Kahneman, 1968; Raab, 1963; Sperling, 1960 Sperling, , 1963 . If complex pictures are not easily verbally encodable (e.g., "one picture = 1,000 words"), and if backward masking eliminates the visual image of the preceding picture, then the dependence of storage solely on the physical exposure time would be easy to understand. Furthermore, Potter and Levy noted that the last picture preceding their tests was recognized at an enhanced level. A backward masking interpretation could account for this recency effect since the last picture was not masked immediately as were the earlier pictures.
The experiment suggested by these considerations would insert blank time for unhindered study between pictures. Will extra storage take place during this blank period? The following experiment was conducted to examine this question.
METHOD
Subjects.-The 5s were 89 male and female undergraduates at Indiana University who served to fulfill a course requirement. Two additional 5s were discarded for having more than 10 nonresponse trials.
Materials.-The 5s viewed 120 different color and black-and-white slides divided equally between two presentation trays. Duplicates of 60 of the above items and 60 distractor items from the same pool were used to construct two test trays. Each test tray consisted of 15 items from one presentation tray, 15 items from the other presentation tray, and 30 distractor items. Slides were numbered and assigned to presentation or test trays according to a random permutation of the numbers. The pictures included furniture, machinery, jewelry, paintings, toys, cars, plants, houses, outdoor scenes, etc. The slides were chosen so as to minimize interslide confusability.
Apparatus.-A Kodak Carousel projector, Model No. RA 950, was used to project the slides on a white screen approximately 8 ft. in front of 5s. The 5s were run in groups of up to four at a time, seated side by side in booths separated by plywood dividers. In'front of each 5 was a gray metal box with six response buttons. The projector, response collection, and all timing were handled by an IBM 1800 process-control computer.
Procedure.-The 5s viewed the two presentation trays and then gave confidence ratings while viewing the two recognition test trays. The five values for exposure time ("on time") were .2, .5, 1.0, 2.0, arid 4.0 sec. These times were orthogonally combined with between-slide durations ("blank times") of 1.0 2.0, and 4.0 sec. to yield 15 presentation conditions. During blank time, the shutter was closed, and the screen was dark.
The presentation conditions were assigned to serial positions according to a modified randomized block design. Each presentation condition appeared twice in each block of 30 slides-once on a to-be-tested item and once on a not-to-be-tested item. The items selected for testing were the first four slides, the last four slides, and the 52 even-numbered slides from the middle of the presentation sequence. During the presentation phase, to minimize slide projector search time, slides were presented sequentially after randomly selecting one of eight possible starting points from the two trays and the four quarters of each tray. For the recognition tests, items were tested in random order, subject to the constraint that the last four items presented were always among the first eight items tested (to test recency effects). The design enabled the testing of each of the 15 presentation conditions four times per session as well as primacy and recency effects in each session.
; For the recognition tests, 5s were asked to indicate their confidence about whether or not they thought they had seen a slide during the presentation phase by pushing one of six buttons. The buttons formed a scale: the left-most button indicated certainty that a slide had been seen before and the right-most button indicated certainty that a slide had not been seen before. The six buttons were labeled with appropriate key words to minimize confusion. The 5s were told that about onehalf the test slides would be new.
The following special instruction was read to 5s to emphasize the use of blank time: "Concentrate on each and every slide as it appears. When a slide leaves the screen, think about it and try to remember it during the period before the next slide appears."
The response interval terminated when all 5s had responded or after 15 sec., and was followed after 4 sec. by the next test slide. Slide tray changes usually took between 20 and 40 sec. A single session lasted about 40 min.
RESULTS
The mean confidence rating for all pictures presented during the study trials was 4.95, and the mean confidence rating for distractor items was 1.73. Thus, 5s had very little difficulty with the task.
The mean confidence ratings as a function of "on time" and "blank time" are presented in Fig. 1 . The striking feature of these results was the absence of an effect due to blank time. The mean confidence ratings for 1.0, 2.0, and 4.0 sec. of blank time were 4.92, 4.99, and 4.95, respectively. As expected, the relationship between confidence ratings and on time was clearly monotonic and increasing.
Statistical analysis of the mean confidence judgment of each 5 at each of the 15 presentation conditions supported the above interpretation. A complete factorial analysis of variance was performed treating on time as a fixed factor with 5 levels, blank time as a fixed factor with 3 levels, and 5 as a random factor with 89 levels. The on-time effect was highly significant, F (4, 352) = 156.16, p < .001, and accounted for 26% of the total variance; the blank-time effect did not approach significance, F (2, 176) = .32, p > .50, and accounted for none of the variance; and the interaction of Blank Time X On Time was also highly significant, F (8, 704) = 4.50, p < .001, but accounted for less than 2% of the total variance. The probability of a correct recognition was obtained by collapsing over the top half of the rating scale. It parallels the mean confidence rating data in all respects. Again, the striking feature of the results was the absence of an effect due to blank time. The average probabilities for 1.0, 2.0, and 4.0 sec. of blank time were .79, .80, and .79 respectively. Since this close similarity between the two measures was also observed in all other analyses, we shall report only the confidence rating data hereafter.
The lag between presentation and test could range from 1 to 240 items. Dividing this range into four blocks revealed a slight decrease in confidence ratings as the retention interval increased. For retention intervals of 1 to 60 items, the mean confidence rating was 5.21; for intervals of 61 to 120 items, the mean confidence rating was 5.00; for intervals of 121 to 180 items, the mean confidence rating was 4.86; and for intervals of 181 to 240 items, the mean confidence rating was 4.86. Thus, although there is a slight advantage for items tested quickly, performance is relatively stable even up to 200 or more items and for about 25 min. between presentation and test.
To study whether retention was influenced by the type of trial prior to a picture's presentation, we examined performance as a function of the exposure duration of the previous picture. The previous exposure duration was found to have no noticeable effect.
A final interesting point is the absence of serial position effects. Figure 2 gives a smoothed serial position curve. There was no primacy effect; in fact, the first slide was the worst of all-possibly because some >Ss were startled by its onset. Also, there was little evidence of a recency effect. The recency effect did not appear even though the last four items were always among the first eight items tested.
DISCUSSION
The amount of blank time following the presentation of a. complex visual stimulus has no effect as long as the blank time is at least 1 sec. in duration. This result is quite different from results of experiments using verbal materials. Note that the use of relatively long blank times rules out backward masking as a cause of the differences. Also, this result was obtained despite explicit instructions to use the blank time to "think about" and "try to remember" the previous slide.
The obvious question becomes, what do these results suggest about the process of storing visual information. At the very least, there can be no analog of verbal rehearsal in the visual memory system that can be applied to moderately complex visual stimuli. If there were rehearsal occurring, longer blank times would have led to better performance. Similarly, we can conclude that no additional encoding or other transfer to long-term storage is going on in the visual short-term memory during the blank time, at least for the processing of complex visual stimuli after 1 sec. The absence of a recency effect provides further evidence that rehearsal is not occurring.
We do not imply that rehearsal is a solely verbal process; visual rehearsal does seem to operate in experiments where the visual input is of low information content. For example, in Posner and Konick (1966) , where 5s had to remember a dot position on a line, no forgetting was observed over time unless a rehearsalpreventing task was interpolated in the delay period. Posner concluded that, in this task, visual rehearsal could be used by 5s. Thus, the difference between Posner's results and the present results would seem to lie in the differing information content of the stimuli used. When information content is high, visual rehearsal may not be an effective device.
These results tend to blur the theoretical distinction between the iconic memory and the short-term visual memory. Many memory theorists (e.g., Atkinson & Shiffrin, 1968) assume that after the stimulus has been presented, a sensory image is held very briefly in the sensory register. The partial report experiments of Sperling (1960) and Averbach and Coriell (1961) are typical examples cited. It is then supposed that information is temporarily transferred to the short-term store for further encoding and rehearsal and finally is transferred to more permanent long-term storage. Considering the present results, it might prove fruitful to consider the more parsimonious view that there is just a single short-term visual memory. This short-term visual memory would decay quickly when the information content of the visual field was high, and more slowly when the information content was greatly reduced. Experiments are now being carried out to explore this possibility.
